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(54) Title: DIESEL EXHAUST GAS FILTER 



(57) Abstract 

A filter device for filtering soot particles from diesel engine exhaust gases comprises a casing, a shaped porous filter body, preferably 
of silicon carbide, SiC, such as a honeycomb structure wall flow filter body made from SiC particles. A membrane made from particles 
and/or fibres and having a smaller pore size than the filter body is applied on the gas outlet side surfaces of the filter body, and a catalytically 
active coating is applied on, and in the interior of, the filter body, e.g., on a wash coating. The design of the filter body with the small 
pore size membrane applied to outlet surfaces allows soot particles to travel into the interior of the filter which has relatively large pores 
and where they are removed by decomposition by contact with the catalyst deposited in the filter body. Due to the small pore size of the 
membrane on the outlet side, the filter is able to remove very small soot particles, and due to the large active area where an oxidation 
catalyst and the trapped soot interact, the temperature at which the soot is decomposed is relatively low. 
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DIESEL EXHAUST GAS FILTER 
The present invention concerns improved filters for flue gas filtration. 

The diesel engine emits large quantities of carbon particles known to be hazardous to human beings. 
Filtration of such particles is often performed using one-piece ("monolithic") substrates, so called Wall 
Flow Filters (WFF). A number of types of WFF are manufactured in a ceramic material called 
Cordierite by the company Coming Glass Works Inc. A WFF made of a material which had been 
found especially suited for use in this type of filter. SiC, is disclosed in International Patent Application 
publication number WO 89/09648. 

Soot filters are also manufactured as a relatively thick-walled pipe structure, from pressed metal wire, 
by Johnson Matthey Ltd., or ceramic wire mesh or, from foam ceramic structures manufactured by 
Alusuisse AG. Most of the known methods result in relatively low soot filtration efficiencies and 
significant soot blow-off, further reducing the filtration efficiency. 

Accumulated particulate matter from a diesel engine will react with oxygen when exposed to 
temperatures higher than 550°C in air with 21 per cent of oxygen. With decreasing oxygen 
concentrations, higher temperatures are required. 

Due to the high efficiency of diesel engines, exhaust gas temperatures seldom exceed 400°C in 
heavy-duty engines, and particles therefore build up in the exhaust gas filter and block the filter in a 
relatively short time, often after only a few hours. 

Regeneration of flue gas filters is often accomplished by a few rather complicated techniques typically 
employing external heat supplies and where the whole filter structure, including the particulate matter, 
is heated with external energy from an oil burner or an electrical heating apparatus. 

All known regeneration systems known are rather complicated, expensive and, being so complex, 
prone to technical failure. Thus, it is highly desired to obtain filters which are able to be regenerated at 
temperatures as low as possible to avoid complicated control systems for monitoring the regeneration, 
as well as to reduce the large energy loss incurred when heating a filter body to in excess of e.g. 
500°C. 

Precious metals such as platinum and palladium are known to oxidize organic gases and organic 
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matter at relatively low temperatures; carbon monoxide may be oxidized at temperatures as low as 
200°C in situations where the carbon monoxide interacts with a large surface area of the precious 
metal. 

Diesel soot filter regeneration temperatures not lower than 400°C have been reached on Coming 
EX-47 or EX-66 Wall Flow Filters, using either a platinum or a vanadium pentoxide coating. These 
active coatings known per se are supplied to the actual surface of the body and do not penetrate 
deeply into the porous structure thereof. 

Degussa AG has tested several coatings and have undertaken field trials showing that a vanadium 
pentoxide coating can reduce the regeneration temperature by a reasonable margin. In fact, 
regeneration temperatures in the order of 350°C have been achieved when applying a surface- 
increasing coating and a catalytically active substance on a large surface metal wire mesh filter body. 
This is described by M. F. Buchman and B. E. Enga from Johnson Matthey, Inc. in SAE (Society of 
Automotive Engineering) paper number 840080 with the title : "Regeneration Behavior af Light-Duty 
Catalytic Trap Oxidizer Systems". 

It has been tried to deposit a surface-increasing coating on the filter wall in order to increase the area 
in which the gas or soot interacts with the catalytically active coating. This coating may be in the form 
of a so-called wash coat which is deposited by "washing" a solution or slurry containing the 
catalytically active substance through the filter body in order for some of the substance to deposit on 
the filter wall. However, the relatively large amounts of wash coat necessary have been a problem as 
they tend to close the filter. 

If a surface-increasing coating is used in connection with a catalytically active coating, the thickness of 
the coating will in general be so large that a porous material having a pore size of 15-25 pm would 
have a significantly reduced pore size after the deposition of these two coatings. Thus, it is not 
recommendable to use this technique on filters having an initial pore size lower than e.g. 25 pm. 

Therefore, the only method for use of a surface-increasing coating on substrates having a pore size in 
this range has been on catalytic carriers, where the porosity of the substrate is not utilized for filtration. 



The catalytic conversion of hazardous exhaust gases is strongly dependent upon the contact time. For 
a given gas flow rate, the contact time will be increased when the contact area is increased, thus 
giving a higher conversion rate. Thus, the catalytic activity of an applied catalyst towards particulate 
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matter is also strongly dependent on the contact area. For a given soot load, a larger contact area will 
reduce the overall layer thickness of the deposited soot, and the time required for complete 
regeneration - soot bum off - will thus be reduced. Furthermore, a reduced layer thickness of the soot 
will increase the rate of regeneration at low temperatures since the soot bums when in contact with the 
catalyst on and inside the filter wall. 

Hitherto, incomplete regeneration of filter bodies has been a problem for wall flow filters. This 
incomplete regeneration will leave soot in the filter so that the time between two consecutive 
regenerations is reduced. 

As described above, the preferred method of regenerating a filter on a vehicle is to have the 
regeneration take place at relatively low temperatures, which will eliminate the need for expensive and 
sophisticated external hardware to heat up the filter and control the process. This is furthermore 
advantageous with respect to safety of the vehicles. It is not preferred to have a hot piece of ceramics 
or metal in the remains of e.g. a crashed car where fuel may be leaking from the tank. In addition, it is 
not preferred to have a very hot filter enclosure positioned under a car driving or parking in e.g. long 
grass, as this grass may be ignited by the filter enclosure. Thus, the lower the temperature of the filter 
body, the safer the vehicle altogether. 

Investigations have shown that it is possible to obtain considerably lower regeneration temperatures 
by increasing the surface contact area between the active coating and the soot. 

Mizrah, T.. Gabathuler, J.-P.. Gauckler, L, Baiker, A., Padeste, L. & Meyer, H.P ("SELEE: Ceramic 
Foam for Pollution Reduction" , ENVICERAM '88 Proceedings, 7.-9. December 1988) compared the 
soot ignition temperature for ceramic foam filters and Wall Flow Filters. The ceramic foam filter is a 
depth filter with rather low trapping efficiency (58 to 67%) compared to approximately 90% for the 
WFF. 

The larger surface area of the coated foam filter, compared to the coated 
WFF, reduces the soot ignition temperature further by 25°C and by 200°C for 
the non-coated WFF. The catalytic coatings tested were Degussa D313 and D345 
on Corning WFF. No surface-increasing coating was applied. 



It has been found by the present inventors that in a filter of the type described in WO 89/09648, part of 
the filtered soot is actually trapped at a small distance into the filter wall of the filter body. In a filter 
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^ wlw of 3 0 .2oo urn, soot may be deposited in a depth of up to in 

T, rich" In deposited in .he inteuor of the Alter. The volume actually holding the soot h 
catalyst wh,oh has beer depos, ^ ^ ^ ^ ^ ^ ^ 

L o, the surface on which the catalytic* active substance and the trapped soot .memo. ,s 
catalytically active coating is an oxidizing coating. 

„ o of thP filter bodv is defined by the walls of the paths used by the gas to travel 
the surfaces of the particles constituting the filter body. 

Tneinnersurface of the filter body may be further increased by ^^^^ 
r „ ...rh as a so-called wash-coat, on the surface, including the ,nner surface, of the filter body 

resulting In a drasUc reduction In .he regeneration temperature of the filter body. 

™ h «„ divine a catalytically active coating on the increased inner surface of the niter body, the 

to a tempera.ure as low as 350°C or even 330-C or lower. 

sootpales,opene.ra.edeeper,n,o.hewa„s,ruc. U reand.,hu S .in.era a wi,htheaC,vecoa„ngon 
an even larger surface. 

The invention constitutes a considerable improvemen. compered «o Known Wall Flow 

35 ™^» t m*.~^"~™~^™-^™ K *'~ m ~'' m 
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me structure, resulting in a requirement for regenerate temperatures o, a. leas. 400-C. 

« ,s furthermore contemplated that the soo, ignition temperature may be towered considerably wi* Cu- 

metallic fluid. 

To eliminate the possibility of the soo. parUcles passing through the filter wall, so-called blow-off. a 
TO eliminate the p J ^ > considerab|y |ower pore «. 

1 I Know Wa„ Row Filters depend strongly on the filter caKe to increase the trapping e* 

in the filter according tome invention, the provision ofamembraneon.be filter wa,l outlet side makes* 
^ cZsel pore size of the porous sintered filter body so large that par, o, the soo, ,s no, 

smaller pore size were no, deposited on the outer surface of the filter body. 

Tn "ba^ difierlntfromtbearrangemen, according to.be present inventton where the menv 
ELJZZ* prevent soo. parficles from penetrating into the fiiter body, but is rafiter used to 

body. 

Thus according .o me presen. invention, a membrane is preferably posifioned on the gas outlet side o, 

"Ibrane. me area in which ,he soo. and me cateiyfically active substance are ,n oonteotw, be 

Ltially me whoie o, the inner surface o, me fiiter body in addition to the outer suHace of the gas 
Tnltoe si eo, me filtehngwallo, me filter body.ln,he filter body according to the .nvenfion, me 
35 rrblsolelyae^esfi.epurposeofaiiowingalargeactiveoontectareaandonthesamefime 
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assuring a suitable, high filtering efficiency of the filter body. 

Details about howthe membrane can be established are given in the following. It should be 

a gradient of the pore size o, .he filter body along the thickness of the hl,er wall, staffing with rela vely 

2 oores which are sufficiently small to ensure the, the soo, wll, no, leave the ,„,er on he ou« side, 
such as. eg., a pore size of 5-10 pm in an Intermedia* layer and down to a pore 
such as 1-2 pm. in an outermost layer on the outlet side. I. is also possible to have a upnsdion *e«,y 
L a partil size giving la^e pores to a padicie size giving sufficiently small pores ,0 act as the 
soot-particle-stopping membrane. 

Utilizing the principles of the invention, Wal, Flow Filters made by powder technology (e.g., the SIC 
powdertechnology disclosed in WO 89/09648; this powder technogy is also described '"J^^^^^ 
in the following) can act as a combined surface and depth filters, that is. where part of the parities are 
airopTlte intotheflltering wa„, and a membrane onfhe outletslde eftheMerwal, a 

and the catalytioally active coating inside the filter's porous internal wall structure. 

,„ addnion to lowering the temperature for decomposition of the soo, pedicles, the preset* t InvenUon is 
also believed ,o be very important and advantageous in connection with removal 
soo, panicles generated by modem highly efficient diese, engine, These modem diese. engines 
gene ra «e soo. particles which are considerably smaller than .he soo. particles gene, ed by ,he 
previous generations of diesel engines (ffiese previous generations are however, still ,n t*e a„ over 
the wortd and will be In use for many years to come). While previous generations of diesel engines 
typical,, generated particles behveen 10 pm ar* 1 pm. modem diese, engines .ypioaliy genemte 
^esofsizesinffier-nge of 80 nanometre ,o 1 pm, in particular In .he ^-»«~* 
500 nanometers, and an importan. aspect of the Invention relates to the removal of soo, particles ,n 
this size range using the filter principle according to the invention. 

„ should be understood that although ,he ffiter principle according to the presen, invention Is described 
particularly ,n connection with the remove, o, particles from flue gases, it is contemplated that he 
principles of the invemion may also be useful in connection with the removal o, ultraflne partic.es from 
other fluids, in particular, but not limited to, gases. 
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,„ the following, a more detailed discussion of types offihers. suitable as the fllter types to be used ,„ 
connection with the present invention, is given. 

Ceramic filters are often preferred when the process environment contains ho, 9 ases with a relatively 
5 low oxygen content and the possibility of e relatively high sulphur content. 

Silicon carbide has e number o, advantages over other materials used in niters, such as oxide 
ceramics metals, organic fibres and other ceramics. SIC is long time stable In an oxKbstng 
losptm up to temperatures as high as 1500*. Pure, soiid SIC has a high physical strength even 

at1.000°C. 

The base material of the powder technology honeycomb filter body Is preferably ceramic particles and 

15 10-150 pm, preferably in the range of 30-100 pm, giving filters with pore sizes rang.n, from 10-200 
pm. preferably 20-100 pm, such as 40-80 pm. 

H SIC is to be used, 12 commercial grades of SIC are presently the preferred starting products for 

20 360, 400, 600 (according to FEPA standards (FEPA: Federation of the European Producers of 
Abrasives)). 

Production methods normally employ continuous barrel/auger extrusion, bu, also other commonly 
Known ceramic shaping processes, such as tape-casting, iso-statio casting, slip-casting and Cher 
25 casting methods may be used. 

The presently preferred manufacturing method of (he Alter bodies is extrusion and sintering of a paste 
composing particles of a ceramic and/or metallic material, a permanent binder, one or mora green 
binders and a liquid. 

30 When sintering metallic partlo.es, the outer surtax of the particles me,, slightly, whereby, after cooling 
o, the sintered body, the sintered body is solidified by the meited metal which solidifies also . memsc, 
in the boundaries between the partic.es. Whan using this porous sintered material as a filter body, the 
holes between tee interconnected particles may form the actual pores of the filter body. 
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Thus, as the particles directly define the porosity of the sintered filter body, the choice of particle size 
defines the pore size of the sintered material. 

In addition, when using particles having a narrow size distribution, the pores of the sintered material 
will have a narrow distribution, as identical size/shape particles define identical pores. 

However, the above "automatic" interconnection of the particles is not seen when sintering e.g. SiC, as 
SiC does not melt at high temperatures. Instead, SiC disintegrates at a temperature of about 2500°C. 
Thus, attempting to sinter SiC in the same manner as metals or liquid-sintering ceramics such as 
Cordierite will result in a pile of SiC powder, a totally dense SiC material or a mixture thereof. 

Therefore, when using SiC in the filter body, a permanent binder is preferably incorporated in the 
paste to be shaped and sintered to form the porous filter body. During sintering, this permanent binder 
will interconnect the SiC particles and, thus, solidify the filter body in the desired shape and in a 
manner so that the SiC particles, as described above, directly define the pores of the material. 

In a preferred embodiment of the filter body according to the invention, the permanent binder is 
constituted by small particles of SiC, such as microfine eller ultrafine SiC, e.g. microcrystalline SiC, 
having a particle size in the interval 0.1-10 urn. This microfine SiC will, due to the evaporation 
pressure of particles having a small radius of curvature being larger than that of particles having a 
larger radius of curvature, evaporate or decompose at a temperature where the larger particles are 
more stable, and solidify among other places in the boundaries of the large SiC particles in the filter 
body. Thus, the sintered filter body consists of SiC particles, again defining the porosity of the filter 
body, interconnected by SiC. 

This all-SiC filter body is highly preferred, as SiC has superior properties in flue gas filters, and as no 
other materials having less optimum properties are present in the filter body to reduce the overall 
properties of the filter body. 

Extrusion of a microfine or sub-micron or micro-crystalline powder-based material to a honeycomb 
monolith or pipes using a pore-forming agent to form the porosity of the filter body is an alternative 
method for producing structures with a controlled pore size. The pore forming agent will preferably be 
organic particles of a controlled size in the range of 5-1000 um, preferably in the range of 10-100 urn. 
The pore forming agent may be manufactured from various materials, such as combustible or organic 
materials, such as sawdust, granulated polyurethane powder, a polymer, or carbon powder. When the 
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shaped green body is oxidized, after d„ing. a. high tenure In an oxidizing atmosphere, the pore 
forming agent will evaporate and, thus, leave pores of a oontrolled s,ze. 

As the fmer hodies ma, be manufactured with a we„-deuned pore size, the pore si* 

SiC thin nKerin, walls may oe ob,a,ned. Wall thickness may he 0.5-10 mm. preferably 0.8-2 mm. 
cell pitoh ma, be in the interval of 1-25 mm. preferably 2-10 mm. 

A ,so the Known manufacturing of foam-casting may be employed for producing an open cell strecture 

pre-shaped foam sbucture. After dtying, the pores are formed by the organic matenal, 

removed during high temperature fidng so as to leave behind a ceramio struoture, a so-oa„ed foam 

fHter^^wvIng a^aiiety of frrterconnected open cells. The slurry will. In addition to some organic binders 

filters preferably have 40-160 cells per inch. 

SiC silicon carbide, exists as alfa and beta crysta, phases. Depending on the production method, beta 

poison L active coating. However. If non-preclous coatings are used, beta S,C-con,a,n,n, s,„con 
metal may be used. 

An SiC body fired at temperatures above 2000-C will mainly consist of pure alfa SiC. Therefore, the 

a„a SiC is available In grain sizes ranging from fracUonsof pnYsto several mms. 

„ a low strength ceramic materia, is used in a filter body, sucb as when using <*H»*"^ 
p^er.the wal, tbicxness may need dustmen, asthe sintered matedalhasalowerstren^h 

3„ compared to the presently preferred filter body containing SiC. Other ceramic powders, such as ^ 

as.be base bod, structure. The sintering method is simpler for the oxide ceramic bonded ceramics, 
compared to pure SiC. Cordierite and Nasicon are known for their low coefficients of thermal 
expansion, making them eunable for mm. subiected to large venations in exhaust gas temperature. 
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B, me powdertecbno^y finer p~^ 

pLerand coarse — grains may eas ily be achieved giving a wide vanety cf stmctures wuh 
precisely controlled and desired porosity and pore sizes. 

5 Also meta, powder or metal fibre bodies based on iron, cbromium. nickel, cobalt aluminum or 
Tnglese as the main ingredient In an alfoy couid prove usetu, for spe.no app„ca„ons. 

Asurfece.ncreasfc.gcoaflng maybe 

filter body If the particles constituting the surface-increasing coating are small compared to the 
rarseand,.hus.,argerdue,o,hesma„par.iclesdef,hln,alargenumberofbumpson,he 
previously more plane surfaces. 

The partidesto constitute a surfaclncreasing coating may in a preferred embodiment be introduced 
introducing the slurry in the porous structure. 

The introduction o, a s,ur* o, smal, coUoid particles - caiied a so, ■ is preferabiy done a«er the firing of 
the filter body and after removal of residual carbon from the green brnder. 

20 When subsequent,, d*ng and sintering the finer body, the liquid o, the slurry is removed and the 
small particles are fastened to the inner surface in the porous structure. 

,„ one embodiment, the small particles will be particles which are capable of sintering together and 
25 I:;.dIet,he,mer 1 ng,w,l,by,hemselvesadhere,o,he,nnersu rt aceo,,hef,l,erbody.Thu,no 

permanent binder is not required in this case. 

A wash eating may be desired between the active coating and the base materia, structure. The wash 
— ar.tecbnlguesforapp.y.ngwashooa^^nd.aaa^ 

30 111. may comprfse a,umina and/or alumina hydrates and/or mullitizatlon of afumma-*^ 

"o.lOOOtimes.compared.o.hatoftharawbasematehal.or.e.pressed in another manne, a surface 
area from 0.1-100 m^gram base matedai. As alumina only changes to low surface a,,a-cn*ai 
- , ..matures over 1000°C, the alumina coating in this invention w.ll stay very stable 

35 rnsz^*^--^^"— 
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high-temperature-stabllizing additives. 

= Hh-more in me case where the adhesion between the surface-increasin 9 ooattng and the inner 
T « a .^riT body is iarger than tha, between the catalytica,,, active coating and the 
7 1 2 .* ! body the adhesion o, the cataiyticaiiy active coating in the finer 
T HlLlbX— ^o.tbes.rtace-incasing coating, tn adda«,n he^cuta 

material now has a iarger number of contect points in the material. 

Lation o, a mullite transhion tayer between the coating and the nahve s,„ca him on the S,C based 
substrate. 

. f ™h to further hiqh temperature-stabilizing the alumina in a manner known per se by 
being 80-100% alumina and 0-20% of the above-mentioned adddrves. 

, onter ,c oive the wash coat a better bonding on a Sic structure, the Alter body is preferebi, heated 
amount of the protecting SiO, forming a layer on the SIC gram. 

The slurry typical,, used for applying a surface— ng coa«ng comprises alumina and addles in 
Z« Z 1 bath or an acid containing a dispersing agent. The viscosity of the slurry may be 

preferabiy sintered in an oxidizing atmosphere, in the temperature range o, HOMW C^Mtt 
' 2 00-,300=O. depending on the particle size o, the atumina and the added smtenng agents. 

and 30 Mm, such as between 2 and 10 urn. 



35 
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body to increase the filtering efficiency (or may be established by a suitable pore size gradient as 
mentioned above). As this membrane may be manufactured quite thin, the overa.l pressure drop over 
the filter body will not be dramatically increased, however, the filtering efficiency of the filter body may 
be dramatically increased. 

The membrane coating may be very thin, with a thickness from 0.02 to 5 mm preferably from 105 to 
0 4 mm The base structure will normally have a mean pore size in the range of 10-300 urn, preferably 
20 200 um and the membrane will normally have a preferable mean pore size in the range of 1-50 
um preferably 2-15 um. A constant separation efficiency as high as 99% for soot can be reached. 
This will ensure less than 0.05 g/kWh residual soot in the exhaust gas stream downstream of the filter. 

A membrane of this type may be manufactured in numerous ways. The overall purpose of the 
membrane is to decrease the pore size of the filter body in part of the filter body. As described above, 
the membrane is preferably added to the filter body in a thin layer on the gas exit surface of the filter 
body Thus, the membrane should reduce the pore size of a thin layer of the porous structure of the 
filter body at this surface. This effect may be obtained either by fastening a separate layer havmg a 
suitable pore size to this surface or by actually reducing the pores in this part of the filter body. 

Membranes of this type may be added to the fitter body in a number of ways. However, the presently 
preferred way of adding the membrane to a filter body is manufacturing a slurry containing the 
particles or fibres to constitute the membrane, and to pass this slurry through the filter body, .f the size 
of the particles or fibres is chosen correctly depending on the pore size of the pore size of the filter 
body (which the person skilled in fine powder/fibre technology will be able to do routinely), these 
particles or fibres will be filtered by the filter body when flowing the slurry through the filter body. If the 
partic.es or fibres of the slurry are smaller, such as 1-20 um smaller, than the mean pore size of the 
filter body, these particles or fibres will be filtered in the outermost layers of the filter body and thus 
reduce the pore size of this thin layer of the filter body. 

If the slurry is flowed through the filter body in the opposite direction of the flue gas to be filtered by 
the final fitter body, the membrane will be deposited on the flue gas exit surface of the filter body as 
preferred. 

Powder-based membranes are preferably multi-layered coatings having increasing grain size from 
outside towards the base structure. 
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" 11 5 or 10 ^ and 50 ^n. Where me ubre-based membranes are ,o be app.,ed ,0 o . 

th e « of .he honeyoomb channels trough which «he slurry forming .he membrane ,s passed. 

Thus membranes can be manufactumd from powder or fibres or from a combination of bod,, .n many 

fmenes, in accordance wilh weli-known techniques for building up such fine membranes. 

Membrane coating is Known gerje * .he industry only on the inle, side o, ,he mm. This Koown 
Ihod prohibits the sooUrom pene,ra.,n„ ,n.o,hewa„ shuctereand achieving the ,mporian,h*h 
surface area contact with the active catalytic coating .0 promote oxidation. 

A ca,a,y.ica,l» acUve coating can be placed directly on a wash coa, surface in order .0 ac as an 
oxldauon tempera.ure.teducin, element. Such coatings are preferably es.ab„shed from a yjm 
contains .he acUve ma.eha, as ul.ra-f,ne powder and the carder as wa,er or an orgamc. a salt acd or 
^lio soiufion. However, also substences soluble in a iiguld may be used for .he deposuion of 
the catalytically active coating. 

The catalytic* aCive mateha, may. e.g., be seleced fmm Plafinum, pailadium, medium, vanadium, 
*.„,um, zirconium, copper, nioKe, or In any combined form as we,, as, for each 
elements or for some o, .hem. in chemical oombina,,ons/compounds with oxygen, n,,rog n, ate The 
active stance may be soiuble in a fluid and .he fluid may be flushed .hrough .he substrate te a 

materia, is normally fmm 0.1-10 gram„iter «r subshate, preferably between 0.5 and 5 gram/Hter 
such as 1-3 gram/liter. 

The oatelytioally active coating is, as is also .he case for .he surface-increasing coating, sui.ably 
added te .he utter body byimmduclng .he siurry/selutionln .he Alter body and subsequent,, removmg 

me ,i,uid. However. a,so Cher Known memods of applioahon of catalytic* aotive elememson me 
surfaces o, .he fitter, Including .he very impodan. interior surfaces, may be used, such as PVD 
s .eohniques, etc. It will also be understood .ha. while a wash coating is often preferred, .here may be 
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M mnc of filter material such as SiC, and catalytically active coatings where no 
of the soot particles. 

The invention will now be described by a non-limlUng number of flgures and examples, in .he 
following. 

Fin 1 A shows the porosity structure of a Alter body of the Cordierite type, 
Pr^urJltLsmlumber of open and, thus, useful pores onthesurfaoe on ft.-** 

Fig 4 illustrates a catalytically active coating on a filter body of the type shown in Fig. 2A, 
Figslllus^testhe preferred position „, a membrane posiUoned on the f ,«er body shown ,n F„. 2A. 

FH3. 6 illustrates the back pressure generated by a filter body as shown in Fig. 1 A, Fig. 2A and Fig. 4. 

° Fig tAshowsafliterbody, ^^t^-C^^^^^**"" 
a reiatrveiy iow w are mam|y created by a 

8*09648 This pore creation method is impossible to oontro, to a higher degree of P~ *" 

Electron Microscope, investigations show low numbers of open and usefu, pores 5 per urn, 

surface area. 

3„ FiglBillustratesthenumberofopenanduse^lporesSonthesurfaceofthefiKerbodylseenin 
Fig. 1A. 

,„ Fig 2 a powder technology based waliflow filter body 8 is seen. This type 
33 2 creation dudng manufacturing. Typically, the permeabilny o, this filter body ,s 30-50% h„her 
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com paMtononpowdertechnolOfl,basedWa l iFl 0 wFl l .e re .suchas.hefi»erbody1 seenlnFk,. 1^ 

fte artic,es10,c.ethe^ 
open and uaefu, pores 14, ,ypica,„, this number is twice tha, of the flltert»dy 1 seen ,n F, a . 1 

Fig. 2B illustrates the number of opan and useful poras ,4 on ma surface of «ha fllter body 8 saan in 
Fig. 2A. 

,nF.g.3,fteposinonofaca»a,yuca^^ 

lace-incraasing cca. is applied on m Alter Pody 1 . By meaeuring the pressure drop ov. eflfler 
pod, 1 bafora and aftar .ha coating 7 Is applied. * is discovered that the prassura drop increases 

ba filled and blocked by the coating 7 (see position 9 In Fig. 3). 

,„ Fi0 4 the position of a catalytic* active coating ta on a powder technology based alter body 8 as 
seen in Fig 2A is seen. This coating 16 may ba positioned on top of a surface-increaang coabng. 
Both thes coatings cover avery particle in the flner body wtth a controlled layer thickness so ft. no 
pores in fte fliter body 8 is blocked. No increase in prassura drop is measured whan only the surface- 
increasing coating is applied. 
' Fig 5 shows a preferred embodiment of a membrane 20 on a Alter body as seen in Fig. 2A. 

finer body 8. In this figure, the membrane 20 is formed by a number of particles 21 . which are 
5 positioned in fte outer parts of the gas outlet aide 22 of the Alter body. In an other 

mbodiment, the membrane 20 may consist of a muni ,ayer type with increasing p» - ~* 
fte base stmcture of the filter body 8. The membrane 20 preferab.y only covers fte outlet s,de 22. n 

into fte wall until it la slightly restricted for further penetration through the filter body 8 by fte 
30 membrane 20. 

Flg 8 ,na conventions diese, engine soot filter monolith the porous AlterwalU receives the gas flow 
4 1 one diractlon and accumulates the soo, /carbon particles 2 on fte top surface of the monolnh wall, 
characterised as a soo. cake wnh a well-defined boundary within the Alter material itself. The soo. 
layer 2 s.arts combustion in the very thin boundary layer 3 only with Intimate contact with the catalytic 
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active coating and a sufficient temped. Within the narrow combusUon zone carbon monoxide is 

BothgasesfoiiowtheflowdinectionTandareexpeiiedthrouflhtheexhaustsystemThehea, 
reZhy e— ,„„ toiiows direction 7 and the d^ance tron, the ccnhustion zone 3 to he 

Idown The othe^se inornate contact between the fmerwal, and soo, caKe converts nto a 
^TncTor intetva, which destroys the necessa* contact between the cataiytic active coating a d 

coating contact, heat, etc. 

Fig 7 This invention relies on an very open filter structure, where the gas flow 4 
tries to pass the soot particles 2 through with low filtration efficiency. 
As no well-defined soot cake is generated the soot penetrates into the 
filter wall and there is no well-defined combustion zone. The combust.on 
takes place inside the filter wall itself, or the combustion zone is on the 
very grain surface and creates a boundary layer 3 with now same thickness as 
the filter wall. The boundary layer is only well-defined relative to each wall 
grain surface and not to the filter wall surface. The membrane 5 on the 
filter wall outlet side ensures that the trapping efficiency is kept high. 



The following examples illustrate in greater detail various ways in which the filter systems/structures 
2 5 according to the invention may be made 

sZtlide powder techhoiogy substrates may be manufactured usihg a continuous extrusion 

unra f,ne Sic. mtxed into a plastic paste composed of 4-6 wt% Methyl Ceilulose from Hoachat. 8-25 
wt% water and 0-12 wt% ethanol. 

The pasta may be extruded in a water cooled sir* screw augar extruder whh vacuum chamber, into 
35 a honeycomb die heads. Extrusion apeed may be from 1.5-2 meter pr. minute. 
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After a ve„ high temperature sintering process, typicany et a temperature above 2200-0, in a 



filter body. 



The preferred shape of the filter body is a, presence so-colled honeycomb structure. 

This niter design has a matdx of thin, interconnected waiis whioh define a muitipiicity of c* and 
HLin,l re .nnaCedo ( »npores 0 fve^con W ,„ed size. The pores,., >^*"" to 
Ibletne fluid/gas to «ow oompWe^raugh .he thin wa-is in Ureir narrow d — S ' 
ad oi 2 oe„s and through the thin walls in their longer dimensions between adioin.ng or ne,ghbou„„g 

Zl is dosed in one end and neighbouring channels are Cosed a, anemate ends, fanning a 
chess-board like pattern, generating a Wall Flow Filter. 

The properties o, the SIC (silicon carbide, based Alter matena, are characterised by an extremely high 
point is around 700°C higher than racing point for Cordierite (ISOO-Q. Expansion of S,C ,s 3.5-4 



10"" /K. 



The high strength Is obtained as the result of the ultra-fine SiC powder evaporating a. the high 
Il-!,.trnpLure and condensing ,n,e grain comae, points between the larger Mesh f 8 0 grain. 
By this method, the structure becomes pure SiC. 

Wa„ Flow Filters produced from a pewder having a ve* controlled grain size are characterised by an 
Tim X homogeneous and controlled pore size and pore *. dis.dbu.io, A pore s,ze measur* to 
^Zygiveaariitn.uone^enoy.withoutamembrane. measured to 

ill*."*"--**"** 6 *"**' 1 "" 
efficiency of approximately 70-80%. 

The appiied wash coat may consist of an a,umina/wa.er sluny with added dispersing agents. As 

commercial,, available dispersing agent, such as ^^^^^^^ 
. rt Th. rnatino ma, be applied by two different methods as desenbed here. A slunv with a 
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, Pvrpss slurry is decantered off. The alumina content in the slurries used is in the range 
with the s.urry. Excess slurry ,s decant compreS sed air: The fitter is 

of SB,*.* weigh , ^^^^^^^^-^^ 

* w a «ncitaii in a verv thin layer. 0,01-1 mm, preferably 0.05-0.2 mm, 
Aflbre membmneoo.,,* ;^^^.I 10 ^ Ai ^«-«* 

range 1300-1500°C, preferably 1350-1450-C. 

Memahvelyagranule coating consisting of a,umina,S,C can be used instead °<"^ 

H^forP be Alcoa A16 sg. As structural elements, commerc.al grades of S.C, such as 
Mesh 360, 400, Commercially available dispers.ng agents may 

Ired in an noising environment In the temperature range of 1 100-1 500-C preferably 
1 200-1 300°C. 

Saner*, the thlcKness of the app.ied membra wii, depend on the porosny and inner structure of 

,0 the porous filter body to receivethe membrane. 

A catalytically active coatino may be placed directly on the wash coa, surface in omer to act as an 
ac«ve matedai as submicron or unra hne powder and the center may be water as a non-argan,c 

35 solution. 
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The catalytic*,, active materia, may be fmm the platinum Cement group. The active substance ma, 
be so«e n a fluid and the fluid being flushed through the substrate to a given weigh, increase. The 
^catalytlca,,, active materia, ma, e.g.. 0 M a we i0 h„ncrease ot 3 g ra mn„er substrate. 

M finished Alter pans are fhted ,nto cy,indrica, stainless steel containers, and .11 ad]oininfl laces held 
air. 1 Interam X-D hea, expanding Vermiculite-based insuiation materia, from the company 3M. 
1 ,11 end .aces towards the gas flow is erosion protected by ,ncone, wire mesh. ,, ,s, however. 

also be used, possibly without needing the wire mesh protect™. 

„ ,s contemplated the, the complete diese, Alter w.,1 have a constant trapping efAcienc, 

98% and a considered, lower pressure drop than Known s,stems having the same pressure d ro p The 

regeneration temperature of this Alter is envisaged to be o„he order oHOO-C lower than systems 



known per se . 



r^differen. oxide-based ceramic substrates may be manufactured from Cordial 
Spodumene and Muime compositions after similar methods. The ceramic precursors are „sted ,n 
Table 1. 

Table 1. Ceramic precursors. wt% 



China Clay gr. E (APS 2-3) 
Talc (APS 1-4) 

AI 2 0 3 CT 3000 SG (APS 0.4-0.6) 
Si0 2 Fyleverken (APS 3-6) 
U2CO3 anal. qual. (APS 3-6) 



Mix A 


Mix B 


MixC 


Cordierite 


Spodumene 


Mullite 


40.4 


65.8 


51.5 


43.6 






16.0 




48.5 



15.3 
18.9 



As bihder/piastloiser, a methy,-hydroxy.e,hy,ce„u,ose may be used CTylose MH 300 P fmm Hoechst). 
35 ,n the case of Oord,ehte and Spodumene ceramics the precursors may be ca,dna.ed/s,n«ered to a 
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, tna r^e arained partly porous powder with a particle size similarto FEPA Mesh 

p all isled anL after another ,0 min o, mixing the water ,s induced. Another 30 m,n. of 
Bhanol . added and aft ^ ^ N ^ fe ^ a|mg 

ory tap porosity of 40 «M which win result In a max. nller/compound ratio of 0.60. 

The compound is exuuded in a single ^rew auger extruder with vaouum chamber into the die head. 
Z — bodies are dried a, amhieh, temperature and oontroiied humidity and sintered ,n an 
electhcal fumaoe with normal atmosphere according to Table 2. 
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Table 2. Green body compounds. 



Cordierite Spodumene 



5 



10 





wt% 


wt% 


wt% 




46.5 






Mix A 




48.5 




Mix B 






73.7 


MixC 


8.6 


9.0 


0.7 


Tylose 


15.7 


11.1 


19.0 


Water 


29.2 


31.4 


6.7 


Ethanol 







Filler/Compound 
(vol/vol) 

Sintering temp. °C 
Linear shrinkage % 



25 



56-64 


58-62 


58-64 


1340 


1270 


1400 


5.4 


6.7 


7.1 



The structure becomes a iow densHy, rigid and highly porous ^^Th.p«h««^ 
porel and the materia, has good properties forafurther coating and addition of a membrane to 
optimise the high efficiency soot filter for diesel engines. 

A wash coat is deposited as described in example 1 

, . rnfltina is verv th in 0 05-0.2 mm thick and has a mean pore size in the range of 

A^soaJna powder and Aimax fibers in .he ratio O.f-S, preferably 0.2-0.5 was applied by .be 
US 

ooaonos a re sintercd in oxidizing a.mospheres in me temperature ran,e ,300-1500-C, preferably 
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1350-1450°C. 

An active coating is applied as in example 1. 
listed in Table 3. 



Table 3. Ceramic precursors. wt% 



Mix A MixB MixC 

Cordierite Spodumene Mullite 



China Clay grade E (APS 2-3) 


40.4 
43.6 


65.8 


51.5 


Talc (APS 1-4) 






AI 2 O 3 CT3000 SG 


16.0 




48.5 


(APS 0.4-0.6) 


15.3 
18.9 




Si0 2 Fyleverken (APS 3-6) 






Li 2 C0 3 anal. qual. (APS 3-6) 









25 



30 



As Pinderrp.ast.c.ser. a * — <W- 300 P ** 

^Tcde-He an. Spodumene oera^.hep.cu^rsareca^ned/s,^^ 
Lhed into a coarse arained party porous powder wah a partcle size sim,lar.o FEPA Mesh 80. 
^2:Z1^ same dedans added in a rat, o, Pe«wee„ 20:1 .o 6:, T = 

atte another 10 m,n o, mi>dn g the water * educed. Another 30 m,n. o, m,x,n 9 rema,ns. 



. „ vl „^ d in a single screw auger extruder with vacuum chamber, into the 
I Tde hetCxtl LIod.es Jdded a, amh.enttempera.ure and contronedhum^ 

35 atmosphere according to Table 4. 
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Table 4. Green body compounds. 



Spodumene Mullite 



Mix A 

MixB 

MixC 

Tylose 

Water 

Ethanol 



wt% 
75.5 



8.6 

12.7 

3.2 



9.0 
11.1 
11.4 



73.7 
0.7 
19.0 
6.7 



Appr. sintering temp. °C 
Linear shrinkage % 



1330 
4.4 



1230 
5.7 



1350 
6.1 



35 



The structures become a low density, relatively rigid but highly porous filter element with the 
important, very controlled pore size and disttibution tor maximum and high permeability made 
possible by the powder technology. 

An acceptable strength of the fitter body is obtained, as the uttra fine powder binds in the contacB 
point from or between the larger Mesh 80 grain. The structure by this method becomes a pure 
material. 

The wash coat is applied in the same manner as described in example 1 . 

The fibre membrane coating is very thin, a 0.05-0.2 mm thick membrane with mean port .size in the 
ranoe of 5-10 pm. A separation efficiency as high as 95-99% for soot can be reached. The fibres used 

iength. but as mentioned above, I, may be prefer^ to use considerably shorter flbres. such as ttbres 
ofalength of attire most 100 ^m.Asiuny containing Alcoa A16 sg alumina powder and Almax fibers 
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c f rfl hi v 0 2 0 5 is applied by the same technique as used in the application of 
intheratl °^ 

temperature range 1300-1500»C, preferably 1350-1450o C . 
An active coating is applied as in example 1 . 



• ^rnmPQ hv wav of this new technique, an ultra high-flow 
structures and methods disclosed herein. 
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CLAIMS 

1 , A filter device for filtering emitted soot particles from diesel engine exhaust gasses, comprising: 



a casing 

5 . a shaped porous filter body 



cptionaliy . wash coating applied onto trie filer body internal structure 
. a membrane applied onto trie outlet side of trie filer body 
. a catalytically active coating applied to the body filter 

„ 2. Afilter device according to Calm 1. wherein the fitter body is a honeycomb structure. 

3. a fitter device according to Calm 1 , .herein the filer body is a foam structure or a combinafon o, 
claim 2 and a foam structure. 

, • .nrdino to claim 1 wherein the filter body is a wire mesh structure with a fine pored 
15 4. A filter device according to claim i , wueic 

membrane on the outlet side of the body. 

5 A fitter device according to Cairn ^herein fine filter body isalhread based structure formed asa 
pipe, with a fine pored membrane on the outlet side of the body. 

catalytically active coating. 

membrane. 

8 A filter device according to any preceding claims, wherein the fitter structure is coated with an 

g A filter device according to any preceding claims, wherein the filter structure is coated with a alumina 

stabilised by additives as elements from group l-VI. 
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10 A filter device according to any preceding Cairns, wherein the niter structure is coated with a wash 
r„Zhasedon m e,aisasR,Rh.P,.Pd,r, N i.C,V.W,V.Ce.Ti, 2 iorcornhina,ionshereo,or 
oxides hereof. 

,1 A filter device according to any preceding claims, wherein the filter structure is coated with a wash 
fuel. 

12A fi,ter device according to any preceding claims, where the filter Is a honeycomb wall fiow filter and 
performs as a combination of a surface filter and a depth filter in the same filter wall, where 
particles penetrate into the filter wall for increased contact with the acfive coating. 

13 A filter device according to the preceding claims, where the honeycomb wall flow filter is a 
irnllasurtacefil.erandadep^fifier^esar.^wefi.aneoudets^downs^ama.de 

of the filter being supplied with a membrane for increased titration efficiency. 

14. a filter device according to any preceding elaims, wherein the filter device, or par* to ftMfcr 
. device are manufactured from ceramics, such as SIC. a*. Sialon. Alumina. Cordrente. Mu,„, . 

Spodumene, members CheNaSicon structural family, or containing the elements from group ,-VU and 
Seolalty carbon. Oxygen. Nitrogen, Silicon, Magnesium. Aluminium. Zirconia. Lithrum. Calcum. Z,nc, 
Titanium. 

5 15. A filter device according to the preceding Cairns, wherein the filter device or parts 

are manufactured worn metals, such as high a„oy heat resistant steels, a, lease con.a,n,ng Fe. Cr. N, 
Co, Al, Mo. Ti, Mn and elements from group l-VI or transition metals. 

.0 is shaped substanfialty as a circle seCor, the segments together, in cross-section, substantially 
constituting a circle. 

17. A filter device according to any of the preceding Cairns, wherein the thermal insulation is a materia, 
containing a heat-expanding component. 
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18 . A W ,er device or m. bod, according to an, o, the preceding Cairns, wherein the therma, insuiation 
is a material containing a non-toxic fibrous component. 

according ,o any o,me preceding Cairns, used in combined 

5 a diesel engine. 

" I thP norositv of the filtering wall being constituted by interconnected voids 

15 21. A filter device according to claim 20, wherein the eatery acfive materia, is deposited on an 
intermediate surface-increasing coating. 

, • nrrii nn to claim 20 or 21 , wherein the surface-increasing coating is deposited on 
22. A filter device according to claim 01 , 
20 substantially all of the exposed surfaces of the particles. 

t , aim e 9n oi wherein the catalytically active material is deposited 
23 A filter device according to any of claims 20-22, wnerein me y 
on substantially all of the surface of the surface-increasing coating. 

2 5 24 A filter device according to any of claims 20-23, wherein the surface-increasing coating is 

25 Afilter device according to claim 20, wherein each filtering wa.l carries a membrane having a 
thickness in the interval 0.02-5 mm. preferably in the interval 0.05-0.4 mm. 
30 26 . A fi,terdeviceaccordin g toc,im25,whereinthemembraneisarrangedon 
the filtering wall. 

, nn tn rlaim 2 5 or 26 wherein the membrane is constituted by metallic and/or 

35 ^^rrr*^^^-^---^---'-* 
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pore size of the material of the filtering walls. 

, • mrHina to claim 27 wherein the particles constituting the membrane have a 

filtering wall is based. 

according t o an V o f o,a im s 2 5-2S. «he re ,n ,e TO an po, s i2 a o„ h s is in 
the range of 1-50 »im. preferably 2-15 urn. 

* on 9Q wherein the ceramic and/or metal particles on 

• ^rrr^rr.: 

150 urn. preferably in the interval of 30-100 urn. 

rfinn to anv of claims 20-30, wherein the material of the porous filtering wall filter 

40-80 urn. 

interval of 30-90%. such as in the Interval of 40-75%. 

a 5 M and second polities being arranged spaced apart and mutually juxtaposed. 

34. The ««er device according to Calm 33. wherein the porous niter body has filtering walls defining a 
honeycomb structure. 

3„ 35. A altar device according to any o, claims 20-34. wherein particles on which me mateha, of ate 
filtering walls are based are of SiC. 
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- , nn the shaped body to produce a filter body comprising at least one porous filtering wall 
rrX— :;o,dsde fi nedbe W een,neme«and fe roeramiopa rt io,e,,ne f „,e ri ng 

filtering walls, and 

c) drying the filter body. 

37 A method according to claim 36. wherein me following steps are performed before step b) 

J deducing a second slunv containing ceramic andror metailic parses into me porous Menng 
walls, 

e) sintering the porous filter body . 

38 A method according to claim 36 or 37. wherein the ceramic and/or metal particles on which the 
preferably in the interval of 30-100 jun. 

pore size in the interya, o, 10-200 ,m. such as 20-100 pro. preferably ,n the ,n,erva, of .0-30 pro. 

' 40. A method according to any one of claims 36-39. wherein the porosity of the f„.ering walls in the 
interval of 30-go%. such as in the interval of 40-75%. 

41 . A method according to any one of claims 36-40, wherein the shaping of the paste is performed 
5 using extrusion of the paste. 

42 A method according to any one o, Cairns 36-41 . wherein the ceramic and/or metallic particles on 
IhT ma,ehalo,.he«eringwa,,s,s based comprise S,C particies. and 

,0 sintenng o, the shaped body taxes piece a. a temperature in the ,nterva, 2100-2600 C. 

43 A method according to any of claims 36^2, wherein a membrane-forming siurry containing ceramic 
or close to a surface of the filtering wall. 
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44. The method of claim 43, wherein the membrane-forming slurry is flowed through the filtering wall 
either after step a), or e), in the case that the third slurry is flowed through the filter body after step a), 
this process is followed by a sintering of the filter body before commencing with step b). 

45. The method of claim 44. wherein the mean pore size of the membrane is in the range of 1-50 urn, 
preferably 2-15 urn. 

46. A method for preparing a filter device by 

a) manufacturing a foam, such as a polyurethane foam, having the desired shape of the porous 
filter body. 

b) introducing a first slurry containing ceramic and/or metallic particles into the porous filter body, 

c) sintering the slurry-filled foam to produce a filter body comprising at least one filtering wall of a 
material based on the ceramic and/or metallic particles, the porosity of the filtering walls being 
constituted by voids defined by the by the foam, 

d) introducing a second slurry or solution containing a catalytically active material on at least part of 
the surface parts of the material exposed to the voids, and 

e) drying the filter body. 

47. A method according to claim 46, wherein the following steps are performed before step d): 

f) introducing a second slurry containing ceramic and/or metallic particles on at least part of the 
surface parts of the material exposed to the voids, and 

g) sintering the porous filter body so as to form a surface-increasing coating on the exposed surface 
parts. 

48. The method according to claim 46 or 47, wherein a membrane-forming slurry containing ceramic 
and/or metallic particles and/or fibres is flowed through the porous sintered filter body to form a 
membrane layer on or close to the surface of the filter body. 

49. The method of claim 48, wherein the membrane-forming slurry is flowed through the filtering wall 
either after step c), or g), in the case that the third slurry is flowed through the filtering wall after step c), 
this process is followed by a sintering of the filter body before commencing with step d). 
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